Lactoferrin is an iron-binding glycoprotein and its bacteriostatic and bactericidal effects on gram-positive and gram-negative bacteria are well known. On the other hand, it is known that certain kinds of lactic acid bacteria are resistant to its antibacterial effects. Moreover, it is reported that lactoferrin promotes the growth of bifidobacteria in in vitro and in vivo experiments. In our experiments, lactoferrin-binding protein was found both in the membrane and cytosolic fractions of Bifidobacterium bifidum Bb-11. The bifidobacteria were grown in anaerobic conditions with lactobacilli MRS broth containing cysteine, harvested by centrifugation, and processed by sonication. The lactoferrinbinding proteins on the PVDF-membrane transferred after SDS-PAGE were detected by far-Western (western-Western) method using biotinylated lactoferrin and streptavidin-labelled horse radish peroxidase. The molecular weights of the lactoferrin binding protein detected in the membrane fraction were estimated to be 69 kDa and those in cytosolic fractions were 20, 35, 50, and 66 kDa.
Introduction
Bifidobacteria, anaerobic and gram-positive bacteria, are known to benefit human health as natural predominant microflora in the intestinal tract (Mitsuoka 1990; O'Sullivan and Kullen 1998; Salminen et al. 1998) . Biological functions of bifidobacteria include production of lactic acid and acetic acid; reduction of cholesterol in serum; amelioration of diarrhea or constipation; elimination of procarcinogens; synthesis of vitamin B; improved adhesive ability; and activation of the immune system, such as enhancement of NK cells and cytotoxic T lymphocyte activities, promotion of antibody production, and activation of macrophages. Many substances are known to be growth-stimulating factors for bifidobacteria (Crittenden 1999; Mitsuoka 1990; Petschow and Talbott 1990) : oligosaccharides such as lactulose or N-acetylglucosamine; food protein hydrolysates such as casein or ovalbumin; glycoproteins and glycopeptides isolated from κ-casein; and lactoferrin (Hentges et al. 1992; Petschow and Talbott 1991; Petschow et al. 1999; Roberts et al. 1992; Wharton et al. 1994) .
Lactoferrin, one of the transferrin family proteins, is an iron-binding glycoprotein found in milk and various mucosal secretions (Masson and Heremans 1971) and is also released from activated neutrophils (Brock 1995a ). This protein shows multiple functions as described in various review papers (Brock 1995b; Nuijens et al. 1996; Shimazaki 2000) : antimicrobial effects, cell growth-promoting activity, regulation of myelopoiesis, anti-inflammatory activity, immunomodulating effects, inhibition of bacterial translocation, etc. As this antimicrobial activity is not applicable to the genus Bifidobacterium (Petschow and Talbott 1991) , it is expected that bifidobacteria possess lactoferrin-binding proteins for protection from lactoferrin attack or for the utilization of lactoferrin functions. In this report, the detection of lactoferrin-binding proteins in bifidobacteria was attempted.
Materials and methods

Preparation of membrane and cytosolic fractions
Bifidobacterium bifidum Bb-11 was grown in anaerobic conditions with lactobacilli MRS broth (Merck, Darmstadt, Germany), containing 0.05% cysteine-HCl at 37°C. After incubation for 48 h, bacterial cells were harvested by centrifugation and washed with phosphate-buffered saline (PBS), pH 7.4. Then cells were suspended into the protease inhibitor solution (0.1 mM sodium vanadate, 0.5 µg/mL herbimycin A, 50 µg/mL aprotinin, 25 µg/mL leupeptin, 750 µg/mL benzamidine, and 1 mM phenylmethylsulfonyl fluoride in Dulbecco's phosphate-buffered saline, pH 7.1) and were processed by supersonic waves and freeze-thaw. Sonication was carried out using a Bioruptor UCD-200 (Cosmo Bio, Co., Tokyo) at 130 W and 20 kHz for 12 min. Then centrifugation at 11 000 × g for 10 min was performed to separate the cytosolic fraction (supernatant) and the precipitate. The precipitated pellet was washed with protease inhibitor solution and cold PBS. The pellets were suspended into the lysis buffer (protease inhibitor solution containing 1% Triton X-100 and 1% CHAPS), and the membrane-associated fraction was obtained by centrifugation at 13 000 × g for 15 min.
Biotinylation of lactoferrin
Apo-lactoferrin was prepared from cow milk lactoferrin (Morinaga Milk Co., Ltd, Zama, Japan) and was biotinylated using N-hydroxysuccinimidebiotin (Sigma Chemicals Co., St. Louis, Mo.) according to the reported procedure (Luna 1996) with some modifications. The ratio of biotinylation was estimated to be 32% of total amino groups from the molecular mass measurement by MALDI TOF-MS.
Detection of lactoferrin-binding protein by far-Western blot analysis
SDS-PAGE (sodium dodecylsulfate polyacrylamide gel electrophoresis) was performed with a discontinuous gel system using Tris-HCl glycine buffer (Laemmli 1970) . For the protein composition analysis of the sample, the gel was stained with Coomassie Brilliant Blue G or with silver stain kit (Daiichi Pure Chem. Co., Tokyo). To estimate apparent molecular weights of protein components, Prestained Protein Marker (BioLabs Inc.) was used. For far-Western blot analysis, or western-Western blot analysis, the separated proteins were transferred onto the PVDF membrane using a semi-dry transblot apparatus. After blocking for 90 min with 2% bovine serum albumin in PBS containing 0.01% Tween 20, the PVDF membrane was incubated with biotinylated lactoferrin solution (1 µg/mL) overnight in the refrigerator, and the membrane was washed with washing buffer (saline containing 0.5% Tween 20). Then the membrane was incubated with streptavidin-labeled horseradish peroxidase (HRP) solution for 30 min at room temperature. After the unbound reagent Fig. 1 . SDS-PAGE profiles of membrane fractions (M) and cytosolic fractions (C) of Bifidobacterium bifidum Bb-11. Separation gel concentration was 7.5%, and the gel was visualized by silver staining (A). Detection of lactoferrin-binding proteins of membrane fractions (B) and cytosolic fractions (C) of Bifidobacterium bifidum Bb-11 by far-Western method. The numbers mean the sonication treatment time of the membrane fraction. The concentration of SDS-PAGE separation gel used was 10% for (B) and (C). Molecular weight markers (MW): MBP-β-galactosidase (175 kDa), MBP-paramyosin (83 kDa), glutamic dehydrogenase (62 kDa), aldolase (47.5 kDa), triosephosphate isomerase (32.5 kDa), β-lactoglobulin A (25 kDa), lysozyme (16.5 kDa), and aprotinin (6.5 kDa).
was removed by washing, the proteins bound to peroxidase were detected using the enhanced chemiluminescence method.
Results and discussion
The SDS-PAGE profiles of both membrane and cytosolic protein fractions of B. bifidum Bb-11 are shown in Fig. 1A . And the results of far-Western analysis detection of lactoferrin-binding protein are shown in Figs. 1B and 1C . Lactoferrin binding proteins detected in the membrane associated fraction are shown in Fig. 1B . It seems that a 6-min treatment of sonication is necessary to detect lactoferrinbinding proteins from a bacterial cell membrane fraction, but freeze-thaw treatment of the cell did not affect the appearance of lactoferrin-binding proteins (data not shown). The reasons for the time-dependent behavior of sonication in Fig. 1B is not clear. The molecular weights were estimated from electrophoretic mobilities, and the values were 69 kDa for lactoferrin-binding proteins observed in the membrane fraction. Lactoferrin-binding proteins were also detected in the cytosolic fraction, and their molecular weights are estimated to be 20, 35, 50, and 66 kDa as shown in Fig. 1C .
Inhibitory experiments were carried out with unbiotinylated bovine lactoferrin, human lactoferrin, ovotransferrin, and bovine transferrin. These experiments demonstrated that the interaction between lactoferrin and the protein bands detected is specific to lactoferrin (data not shown). And it seems that iron content has no influence on the binding because apolactoferrin was used in these experiments.
One of the well-known functions of lactoferrin is its antibacterial effect from its ability to sequester environmental iron ions (Arnold et al. 1980) or to release lipopolysaccharide (Ellison 1994) . However, certain kinds of lactic acid bacteria show resistance against lactoferrin (Arnold et al. 1980) . Bifidobacteria is one such lactoferrin-resistant bacteria; in fact, growth promotion of bifidobacteria has been reported for bovine lactoferrin in vitro (Hentges et al. 1992; Petschow and Talbott 1991; Petschow et al. 1999) . The ability of lactoferrin to stimulate growth of bifidobacteria may indicate that lactoferrin plays an indirect role in host defense systems by promoting the development of a more favorable intestinal flora. Bifidobacteria may encounter bovine lactoferrin either in dairy products or in the gastrointestinal tract of bottle-fed infants, and they may also encounter human lactoferrin in the breast-fed infant. The increase in intestinal bifidobacteria counts was observed in mice (Hentges et al. 1992 ) and infants (Kawase and Teraguchi 1996; Roberts et al. 1992; Yamauchi et al. 1999 ) that were fed infant formula containing bovine lactoferrin. It was also observed that lactoferrin increased the growth of Bifidobacterium breve JCM1192 by about 20% in in vitro experiments (S. Tomita, personal communication).
The lactoferrin-binding protein could be expected to play a biological role in growth promotion, because such binding proteins have been found on the cell surface of many kinds of microorganisms (Gray-Owen and Schryvers 1996) and on mammalian cells of various tissues (Brock 1995b; Iyer and Lönnerdal 1993) . In cases of bacterial lactoferrin-binding proteins, iron acquisition of bacteria mediated by the binding of lactoferrin is one of their possible roles. Fransson and Lönnerdal (1980) demonstrated that iron in human milk is unevenly distributed: 35% in lactoferrin, 30% in milk fat globule membrane, and 30% in the form of a small molecular weight chelate, most likely citrate. Miller-Catchpole et al. (1997) indicated that lactoferrin may indeed provide iron to bifidobacteria. However, we showed that iron content has no influence on the binding by using apo-lactoferrin in these experiments. Bezkorovainy et al. (1981) reported that bifidobacteria require iron for growth and they can acquire iron from lactoferrin.
In this short report, the detection of bovine lactoferrinbinding proteins is detected in the membrane associated proteins and in the cytosolic proteins of B. bifidum. Petschow et al. (1999) reported that bovine lactoferrin from mature milk increased the growth of Bifidobacterium infantis and B. breve in vitro, but changes in the iron content of lactoferrin did not alter the bifidobacteria growth promotion activity of either bovine lactoferrin and human lactoferrin. From our study, we expect that the biological function of the lactoferrin-binding proteins promoted the growth of bifidobacteria. Further studies will be required to determine whether the lactoferrin and binding protein complex can interact with the promotion region of the gene, the regulatory sequence of DNA, or the gene regulatory protein.
